Attorney Docket No.: SAM-0530 
INTERFACING CIRCUIT FOR REDUCING CURRENT CONSUMPTION 

BACKGROUND OF THE INVENTION 

5 This application claims the priority of Korean Patent Application No. 2003-12809, 

filed on February 28, 2003, in the Korean Intellectual Property Office, the disclosure of 
which is incorporated herein in its entirety by reference. 

1 . Field of the Invention 
10 The present invention relates to a semiconductor memory device, and more 

particularly to an interfacing circuit, which is located between external input pins and a 
memory core of a semiconductor memory device, for reducing current consumption of 
the semiconductor memory device. 

15 2. Description of the Related Art 

A semiconductor memory device that receives a packet-type command from an 
external controller to perform operations in accordance with the command decodes the 
packet-type command and performs operations corresponding to the decoded result. 
In the case where a command is input from the external controller, for example, 
20 in the case where a plurality of commands are input simultaneously, a general 

semiconductor memory device decodes the plurality of commands unconditionally and 
performs the operations corresponding to the decoded result. 

FIG. 1 A is a timing chart illustrating row activation packets ainong the packet 
commands used in the semiconductor memory device. 
25 FIG. 1 B is a timing chart illustrating row command packets among the packet 

commands used in the semiconductor memory device. 

Referring to FIGs. 1A and 1B, in this example, four cycles of a clock signal 
CTM/CFM constitute one packet command. That is, commands input during the four 
cycles are collected to form one command for performing a single operation. 
30 FIG. 1 A shows a row activation packet containing information related to a 

number of a device to be accessed and a bank address as well as a row address to be 
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accessed. DR represents the number of the device to be accessed, BR represents 
the bank address to be accessed, and R represents the row address to be accessed. 

FIG. 1B shows a row command packet containing information related to a 
command, such as an activation command, or a precharge command, and the like. 
5 FIG. 2 is an example of a command list of the row command packets. 

The external memory controller of the semiconductor memory device sends the 
command defined in the command list of FIG. 2 to the semiconductor memory device, 
and the semiconductor memory device performs the operations corresponding to the 
received command. 

10 FIG. 3 is a block diagram of a conventional interfacing circuit that decodes packet 

commands and controls a semiconductor memory device. 

A command decoder 310 decodes a packet command input from the memory 
controller (not shown) and outputs a corresponding command. The input packet 
command is one among the commands defined in the command list of FIG. 2. 

15 For example, if a packet command for sensing the memory cells of the memory 

core, such as a refresh command, is input, a corresponding master signal REFA is 
generated at a high level. Then, a control signal REFA_CTRL at a high level for 
sensing the memory cells is generated from a flip-flop 340 following one clock of the 
clock signal CLK. In this case, the remaining master signals PRER and REFP stay in 

20 a non-activated state. 

However, in the case where a plurality of commands among the commands 
defined in the command list of FIG. 2 are generated simultaneously with the refresh 
command and input to the semiconductor memory device, the semiconductor memory 
device attempts to decode the plurality of commands and perform the corresponding 

25 operations. As a result, the semiconductor memory device operates incorrectly and 
consumes a large amount of electrical current by attempting to simultaneously process 
the commands and the refresh operation, thereby adversely affecting the performance 
of the entire memory system and the semiconductor memory device. 
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SUMMARY OF THE INVENTION 
The present invention provides an interfacing circuit capable of preventing 
excessive current from flowing.to a semiconductor memory device, in the case where 
non-defined commands are input from a memory controller to the semiconductor 
5 memory device. 

According to one aspect of the present invention, there is provided an interfacing 
circuit including a command decoder, an, operation controller, and a transmission 
controller. The command decoder decodes input packet commands and generates 
corresponding commands. The operation controller generates first through N-th 
10 operation signals for performing operations corresponding to the commands in 

response to a clock signal. The transmission controller transmits the first through N-th 
operation signals as first through N-th control signals, in response to the clock signal. 
The transmission controller comprises a reset signal generator which generates a reset 
signal for cutting off, or interrupting, the transmission of the first control signal, when 
15 multiple commands of the first through N-th commands are generated simultaneously. 
In one embodiment, the operation controller comprises first through N-th 
operation units which receives first through N-th command outputs from the command 
decoder and generates the first through N-th operation signals. 

In another embodiment, each of the first through N-th operation units comprises 
20 a master signal generator that receives and outputs a corresponding command as 
master signals in response to the clock signal, and a combinational logic unit that 
generates a corresponding operation signal in response to the master signal. 

In another embodiment, the reset signal generator comprises a first switching 
unit, a second switching unit, a third switching unit, and a reset controller. The first 
25 switching unit connects a first node with a source voltage in response to an inverted 
signal of the first master signal. The second switching unit connects a second node 
with a ground voltage in response to the first master signal. The third switching unit 
connects the first node to the second node when any of the master signals other than 
the first master signal is activated. The reset controller generates the reset signal 
30 when any of the master signals other than the first master signal is activated 
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simultaneously with the first master signal, in response to a signal at the first node, the 
inverted signal of the first master signal, and a reset control signal. 

In another embodiment, the first switching unit is a PMOS transistor having a 
gate to which the inverted signal of the first master signal is applied, and the second 
5 switching unit is an NMOS transistor having a gate to which the first master signal is 
applied. 

In another embodiment, the third switching unit comprises a plurality of NMOS 
transistors, each having a gate to which a respective master signal is applied, and 
which are connected in a parallel manner between the first node and the second node. 

10 In another embodiment, the reset controller comprises a NQR means which 

performs a NOR operation of a signal at the first node and an inverted signal of the first 
master signal to be output as a reset signal, a first between an output node of the NOR 
means and the first node which reverses the reset signal to apply to the first node, and 
an NMOS transistor which connects the output node of the NOR means to a ground 

15 voltage in response to the reset control signal. 

In another embodiment, the first master signal, the first operation signal, and the 
first control signal are the same signal that activates a sensing operation of a memory 
core. The circuit receiving the first through N-th control signals is the memory core of a 
semiconductor memory device. 

20 In another embodiment, the transmission controller comprises first through N-th 

flip-flops that output the first through N-th operation signals as the first through N-th 
control signals in response to the clock signal. The interfacing circuit may be installed, 
for example, in a Rambus DRAM. 

In another embodiment, the commands incorrectly operate a circuit receiving the 

25 first through N-th control signals when the multiple commands are generated 
simultaneously, if the transmission of the first control signal was activated. 

In another embodiment, the first control signal activates a sensing operation of a 
memory core. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
The above and other features and advantages of the present invention will 
become more apparent by describing in detail exemplary embodiments thereof with 
reference to the attached drawings in which: 
5 FIG. 1 A is a timing diagram illustrating row activation packets among packet 

commands used in a semiconductor memory device; 

FIG. 1B is a timing diagram illustrating row command packets among the packet 
commands used in the semiconductor memory device; 

FIG. 2 is an example of a command list of row command packets; 
10 FIG. 3 is a block diagram of a conventional interfacing circuit that decodes packet 

commands and controls a semiconductor memory device; 

FIG. 4 is a block diagram of an interfacing circuit according to the present 
invention; 

FIG. 5 is a circuit diagram of the reset signal generator of FIG. 4; 
15 FIG. 6 is a timing diagram for describing the operation of the conventional 

interfacing circuit in the case where first and second commands are applied 
simultaneously; and 

FIG. 7 is a timing diagram for describing the operation of the interfacing circuit 
according to the present invention in the case where first and second commands are 
20 applied simultaneously. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 
Hereinafter, embodiments of the present invention will be described in detail with 
reference to the appended drawings, wherein the same reference number used in the 
25 respective drawings represents the same component. 

FIG. 4 is a block diagram of an interfacing circuit according to the present 
invention. FIG. 5 shows a circuit diagram of the reset signal generator of FIG. 4. 

An interfacing circuit 400 comprises a command decoder 410, an operation 
controller 420, and a transmission controller 440. 
30 The command decoder 41 0 decodes an input packet command PACOM and 

generates corresponding commands C0M1 through COM3. 
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The operation controller 420 generates first through N-th operation signals 0PS1 . 
0PS2, and 0PS3 for performing operations corresponding to the commands C0M1 
through COM3 in response to a clock signal CLK. 

More specifically, the operation controller 420 comprises first through N-th 
5 operation units 425, 430, and 435 each of which receives the first through N-th 

commands C0M1 through COM3 output from the command decoder 410, respectively, 
and generates the first through N-th operation signals 0PS1, 0PS2, and 0PS3, 
respectively. 

The first through N-th operation units 425, 430. and 435 comprise master signal 
10 generators 426, 431 , and 436 which receive and output the corresponding commands 
C0M1 through COM3 as master signals MAS1, MAS2, and MAS3, respectively, in 
response to the clock signal CLK, and combination logic units 427, 432, and 437 which 
generate corresponding operation signals 0PS1, 0PS2, and 0PS3, respectively, in 
response to the master signals MAS1, MAS2, and MAS3. 
15 The transmission controller 440 transmits the first through N-th operation signals 

0PS1 , 0PS2. and 0PS3 as first through N-th control signals CTRL1 , CTRL2, and 
CTRL3 to the next circuit, for example, memory core 450, in response to the clock 
signal CLK. The transmission controller 440 comprises a reset signal generator 445 
which generates a reset signal for cutting off the first control signal CTRL1 from being 
20 transmitted to the next circuit, when commands are generated simultaneously, wherein 
the commands incorrectly operate the circuit receiving the first through N-th control 
signals CTRL1 , CTRL2, and CTRL3 when the commands are generated 
simultaneously. 

The reset signal generator 445 includes a first switching unit 510, a second 
25 switching unit 520, a third switching unit 530, and a reset controller 540 as shown in FIG. 
5. 

The first switching unit 510 connects a source voltage VDD with a first node N1 
in response to an inverted signal MAS1_B of the first master signal MAS1 . The first 
switching unit 510, in this example, is a PMOS transistor having a gate to which an 
30 inverted signal MAS1_B of the first master signal MAS1 is applied. 
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The second switching unit 520 connects a ground voltage VSS with a second 
node N2 in response to the first master signal MAS1 . The second switching unit 520 is, 
in this example, an NMOS transistor having a gate to which the first master signal 
MAS1 is applied. 

5 The third switching unit 530 connects the first node N1 with the second node N2 

when the master signals are activated, in the case where the master signals incorrectly 
operate the circuit 450 receiving the first through N-th control signals CTRL1 , CTRL1 , 
and CTRL3 when the master signals are activated simultaneously with the first master 
signal MAS1 . In this case, the circuit 450 receiving the first through N-th control 
10 signals CTRL1 , CTRL2, and CTRL3 is the memory core of a semiconductor memory 
device. 

The third switching unit 530, in this example, comprises a plurality of NMOS 
transistors MNS1 through MNS6 having gates to which the master signals are applied, 
respectively, and which are connected in a parallel manner between the first node and 

15 the second node, wherein the master signals incorrectly operate the circuit 450 

receiving the first through N-th control signals CTRL1, eTRL2, and CTRL3 when the 
master signals are activated simultaneously with the first master signal MAS1 . 

The reset controller 540 generates a reset signal RESET when master signals, 
for example, master signals PDNR, NAPR, NAPRC, REFP, TCEN, and TCAL, are 

20 activated simultaneously with the first master signal MAS1 , wherein the master signals 
incorrectly operate the circuit 450 receiving the first through N-th control signals CTRL1, 
CTRL2, and CTRL3 when the master signals are activated simultaneously with the first 
master signal MAS1 , in response to a signal NS1 output from the first node N1 , the 
inverted signal MAS1_B of the first master signal MAS1 , and a reset control signal 

25 RESET^CTRL. 

More specifically, the reset controller 540, in this example, coniprises a NOR 
means 545 which performs a NOR operation of a signal NS1 output from the first node 
N1 and the inverted signal MAS1_B of the first master signal MAS1 to be output as a 
reset signal RESET, a first inverter 550 which inverts the reset signal RESET to apply to 

30 the first node N1 , and an NMOS transistor 555 which connects an output node N3 of the 
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NOR means 545 with the ground voltage VSS in response to the reset control signal 
RESET_CTRL. 

In this example, the first master signal MAS1 , the first operation signal 0PS1 , 
and the first control signal CTRL1 are the same signal that activate a sensing operation 
5 of the memory core 450, for example a refresh operation of the memory core. 

Retuming to FIG. 4, the transmission controller 440 comprises first through N-th 
flip-flops 446, 447, and 448 which output the first through N-th operation signals 0PS1 , 
0PS2. and 0PS3 as the first through N-th control signals CTRL1 , CTRL2. and CTRL3, 
respectively, in response to the clock signal CLK. The interfacing circuit 400 is 
10 applicable to installation in a number of different memory platforms, for example, in a 
Rambus DRAM platform. 

Hereinafter, the operations of the interfacing circuit according to the present 
invention will be described in detail with reference to FIGS. 4 and 5. 

The interfacing circuit 400 according to the present invention includes the 
15 command decoder 410, the operation controller 420, and the transmission controller 
440. 

The command decoder 410 decodes the input packet command PACOM and 
generates the corresponding commands C0M1 through COM3. If one packet 
command PACOM is input, one corresponding command is generated, and if a plurality 

20 of packet commands are input, a plurality of corresponding commands are generated. 

The generated commands are applied to a corresponding operation unit of the 
operation controller 420. For example, if a packet command among the commands 
defined in FIG. 2, such as a refresh command which senses the current of the memory 
cells of the memory core, is input, the command decoder 410 decodes the packet 

25 command and outputs a first command C0M1 . 

The first operation unit 425 of the operation controller 420 receives the first 
command C0M1 and generates a first operation signal 0PS1 . The first operation unit 
425 comprises a first master signal generator 426 which receives and outputs the first 
command C0M1 in response to the clock signal CLK as a first master signal MAS1 , and 

30 a combinational logic unit 427 which receives the first master signal MAS1 and 
generates a corresponding first operation signal 0PS1. 
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The Other operation units 430 and 435 have the same configuration as the first 
operation unit 425. The first master signal generator 426 may comprise, for example, 
a flip-flop which outputs its input signal in response to the clock signal CLK. 

The combinational logic unit 427 is a gate circuit that outputs the first master 
5 signal MAS1 as the first operation signal 0PS1 . 

The transmission controller 440 transmits the first operation signal 0PS1 as a 
first control signal CTRL1 to the next circuit, for example memory core circuit 450, in 
response to the clock signal CLK. The transmission controller 440 includes a flip-flop 
446 which receives the first operation signal 0PS1 and outputs it as the first control 
10 signal CTRL1 at the next cycle, in response to the clock signal CLK. 

The first control signal CTRL1 is then applied to the memory cell (not shown) of 
the memory core 450, and senses the current level. 

if another command of the commands defined in FIG. 2 is input as the packet 
command PACOM to the command decoder 410, the command decoder 410 decodes 
15 the input packet command PACOM and generates a corresponding second command 
COM2 and a third command COM3. 

If the input packet command PACOM is decoded and the third command COM3 
is generated, the third command COM3 is applied to a third operation unit 435 of the 
operation controller 420. Then, the third operation unit 435 generates a third operation 
20 signal 0PS3, and the third operation signal 0PS3 is applied as a third control signal 
CTRL3 to the memory core 450 by the flip-flop 448 of the transmission controller 440: 

It is assumed, in this example, that a packet command, such as a refresh 
command, for sensing the current of the memory cells of the memory core and a packet 
command for pre-charging a selected memory cell are simultaneously input to the 
25 command decoder 41 0. It is also assumed that the packet command for sensing the 
current of the memory cells of the memory core is decoded and generated as a first 
command C0M1, and the packet command for pre-charging the selected memory cell 
is decoded and generated as a second command COM2. 

Thus, in this example, the first master signal MAS1 and the second master signal 
30 MAS2 are activated simultaneously. 
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FIG. 6 is a timing diagram for describing the operation of the conventional 
interfacing circuit in the case where the first and second commands are applied 
simultaneously. The first master signal MAS1 is denoted by REFA in FIG. 6, and the 
second master signal MAS2 is denoted by REFP in FIG. 6. 
5 REFA_FF1 represents a first control signal CTRL1 input to the memory core 450. 

Accordingly, the memory core 450 performs the sensing operation of the cell current 
and the pre-charging operation of the memory cell simultaneously. As a result, the ^ 
memory core 450 is operated incorrectly. 

Furthermore, because the cell current is still sensed, even though the memory 
10 core 450 is operated incorrectly, the problem of an increase of current consumption 
exists. 

In this regard, the present invention comprises a reset signal generator 445 
which generates a reset signal for preventing a first memory operation, for example, a 
sensing operation of the cell current of the memory core, when other commands that 

15 would otherwise incorrectly operate the memory core, are generated simultaneously 
with the sensing operation command. 

As stated above, the first master signal MAS1, the first operation signal 0PS1, 
and the first control signal CTRL1 are the same signal, for example, for activating a 
sensing operation of the memory core 450. 

20 The sensing operation command signal is denoted by REFA in FIG. 2. The 

other master signals are denoted by REFP, PDNR, NAPR, NAPRC, TCEN, and TCAL 
in the command list of FIG. 2. The master signals incorrectly operate the circuit 
receiving the first through N-th control signals CTRL1 , CTRL2, and CTRL3, that is, the 
memory core 450, when the master signals are activated simultaneously with the first 

25 master signal MAS1 . As shown in FIG. 5, when one of the other master signals MAS2, 
MAS3 are activated simultaneously with the first master signal MAS1. the reset signal 
RESET is activated, which prevents the first control signal CTRL1 from being applied to 
the memory core 450 while the other of the control signals is applied CTRL2, CTRL3. 
The command list of FIG. 2 exhibits that the memory core 450 is incorrectly 

30 operated if a REFA command for sensing the current of the memory cells is activated 
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simultaneously with an REFP, a PDNR, an NAPR. an NAPRC. a TCEN, or a TCAL 
command. 

In this example, the third switching unit 530 comprises a plurality of NMOS 
transistors MNS1 through MNS6 having gates to which the master signals REFP, 
5 PDNR, NAPR, NAPRC, TCEN, TCAL are applied respectively, and which are 

connected in a parallel manner between the first node N1 and the second node N2, 
wherein the master signals incorrectly operate the circuit 450 receiving the first through 
N-th control signals CTRL1 , CTRL2, and CTRL3 when the master signals are activated 
simultaneously with the first master signal MAS1 . 

10 The reset controller 540 generates the reset signal RESET when the master 

signals REFP, PDNR, NAPR, NAPRC, TCEN, and TCAL are activated simultaneously 
with the first master signal MAS1 , wherein the master signals incorrectly operate the 
circuit 450 receiving the first through N-th control signals CTRL1 , CTRL2, and CTRL3 
when the master signals are activated simultaneously with the first master signal MAS1, 

15 in response to a signal NS1 output from the first node N1 , the inverted signal MAS1_B 
of the first master signal MAS1 , and a reset control signal RESET_CTRL. 

More specifically, as described above, the reset controller 540 includes a NOR 
means 545, a first inverter 550, and an NMOS transistor 555. The NOR means 545 
performs a NOR operation on the signal NS1 output from the first node N1 and the 

20 inverted signal MAS1_B of the first master signal MAS1 and outputs it as a reset signal 
RESET. The first inverter 550 inverts the reset signal RESET, which is applied to the 
first node N1 . The NMOS transistor 555 connects an output node N3 of the NOR 
means 545 with the ground voltage VSS, in response to the reset control signal 
RESET_CTRL. 

25 The reset control signal RESET_CTRL, as a pulse-type signal, is initially applied 

at a high level to the gate of the NMOS transistor 555. Accordingly, the output node 

N3 of the NOR means 545 becomes low. 

The reset signal RESET is generated at the output node N3 of the NOR means 

545. Referring to FIGS. 4 and 5, an inverted signal RESET_B of the reset signal 
30 RESET is applied to a first flip-flip 446 of the transmission controller 440 to reset the first 

flip-flop 446. 
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Although FIG. 4 illustrates a case where the first flip-flop 446 of the transmission 
controller 440 is reset in response to the inverted signal RESET_B of the reset signal 
RESET, a circuit that resets the first flip-flop 446 in response to the non-inverted reset 
signial RESET is equally applicable to the present invention. 

If the reset control signal RESET_CTRL is high, the first node N1 stays high. At 
this time, in the case where a command defined in the command list of FIG. 2 is input, 
for example, in the case where the REFA command being a command for sensing the 
current of the memory cells of the memory core 450. is activated as a first master signal 
MAS1 , the second node N2 becomes low in response to the activation of the NMOS 
transistor of the second switching unit 520. 

However, at the same time, because the first switching unit 510 receiving the 
inverted signal MAS1_B of the first master signal MAS1 is activated by the signal output 
by inverter 505, the first node N1 remains at a high level. 

If the output signal NS1 of the first node N1 at a high level and the inverted signal 
MAS1_B of the first master signal MAS1 are input to the NOR means 545 of the reset 
controller 540, the reset signal RESET becomes low and the inverted signal RESET_B 
of the reset signal RESET becomes high. Accordingly, the first flip-flop 446 of the 
transmission controller 440 is not reset. 

In the case where another command, for example, one of PDNR, NAPR, NAPRC, 
REFP, etc. defined in the command list of FIG. 2 is input without the input of the REFA 
command, the first node N1 stays high and the inverted reset signal RESET__B also 
stays high. Therefore, the first flip-flop 446 of the transmission controller 440 is not 
reset. 

If the commands such as PDNR, NAPR, NAPRC, REFP, TCEN, TCAL are 
activated simultaneously with the REFA command, wherein the commands incorrectly 
operate the memory core when activated simultaneously with the REFA command in 
the command list of FIG. 2, the second switching unit 520 and the third switching unit 
530 are turned on and the first node N1 becomes low. 

In this case, because both the output signal NS1 of the first node N1 input to the 
NOR means 545 and the inverted master signal MAS1_B become low, the reset signal 
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RESET becomes high and the reverse signal RESET_B of the reset signal RESET 
becomes low. 

Accordingly, the first flip-flop 446 of the transmission controller 440 is reset, 
thereby preventing the first operation signal 0PS1 as the first control signal CTRL1 from 
being applied to the memory core 450. Therefore, because the first control signal 
CTRL1 for sensing the current of the memory cells is not applied to the memory core 
although the memory core is incorrectly operated, it is possible to prevent excessive 
current from flowing to the memory core 450. 

FIG. 6 is a timing diagram for describing the operation of the interfacing circuit in 
accordance with the present invention, in the case where the first and second 
commands are applied simultaneously. 

Referring to FIG. 7, in a case where the REFA command, which is the command 
for sensing the current of the memory cells of the memory core 450, is activated as the 
first master signal MAS1, and simultaneously, one among the PDNR, NAPR, NAPRC, 
REFP, TCEN, and TCAL commands is activated as a second master signal MAS2, the 
reverse signal RESET_B of the reset signal RESET is generated at a low level to reset 
the first flip-flop 446 of the transmission controller 440, thereby preventing activation of 
the first control signal CTRL1 . 

As described above, the interfacing circuit according to the present invention 
offers the advantage of preventing the flow of excessive current to the memory device, 
although simultaneous commands in the command list are received, one of the 
commands being a command related to the sensing of current of the memory cells in 
the memory device. 

While the present invention has been particularly shown and described with 
reference to exemplary embodiments thereof, it will be understood by those of ordinary 
skill in the art that various changes in form and details may be made herein without 
departing from the spirit and scope of the present invention as defined by the following 
claims. 
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